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Abstract:  
Background: Addictive cigarette smoking and the subsequent flux of different cigarette toxins including heavy 

metals have been implicated in the etiology of many smoking-related diseases such as cancer, stroke, 

rheumatoid arthritis and coronary heart disease. With over 5,000 chemicals in it, trace metals in cigarettes may 

have negative health impacts on humans. 

Materials and Methods: The heavy metal content of the filler tobacco of the cigarettes and non-smoked 

tobacco,  were quantified by atomic absorption spectroscopy. Pearson bivariate correlation analysis was 

applied to assess whether there are any associations between each pair of metals, regardless of the 
manufacturer/source. 

Results: Filler tobacco of the cigarettes had Cd, Zn and Pb concentrations in the ranges of 0.091– 0.114, 0.157 

– 0.310, and 7.145 – 11.873 μg/g, respectively. Chromium was not detected in any of the cigarette samples. 

Pearson bivariate correlation analysis indicated that there were no statistically significant correlations (p < 

0.05) between the trace metals in the different cigarettes. 

Conclusion: The trace metals in the cigarettes may have carcinogenic and non-carcinogenic health effects 

associated with direct or indirect inhalation of cigarette smoke. More and continuous monitoring and regulation 

of the ingredients of imported and locally produced tobacco products is recommended. A further study should 

assess the human health effects that may arise from smoking the cigarette brands. 
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I. Introduction  
Smoking of cigarette tobacco has been implicated in the etiology of many life-threatening human 

diseases such as cancer, stroke, rheumatoid arthritis and coronary heart diseases [1, 2]. According to the World 

Health Organization (WHO), tobacco use accounts for at least 5 million deaths recorded annually [3, 4]. Further, 
it is estimated that tobacco use will account for not less than 8 million deaths annually by 2030, 80% of which 

will be registered in developing nations [3, 5]. Roughly, a life is lost every 10 seconds due to smoking of 

tobacco-based cigarettes. The frequent smoking of tobacco is appraised to be stimulated by nicotine which 

makes  0.6-3.0% (w/w) of its chemical composition [6]. This noxious stimulant is known to make smoking of 

cigarettes addictive [7]. The effects of nicotine are known to be analogous to those of illegal products from 

opium (Papaver somniferum) and cocaine (Erythroxylum novogranatense and E. coca) [8]. 

Addictive smoking of tobacco leads to continuous inhalation of more than 5,000 toxic and carcinogenic 

chemicals in cigarette smoke such as trace metals, polycyclic aromatic hydrocarbons, volatile organic 

compounds and nitrosamines [9, 10]. Among these toxicants, few studies have been undertaken on the role 

played by trace metals in the etiology of smoking-related diseases. The commonly used tobacco plant (Nicotiana 

tabacum L.) is now known to phytoaccumulate trace metals, particularly cadmium in its aerial parts (leaves) [5, 

11]. The most commonly encountered trace metals in cigarettes with detrimental human health effects include 
lead (Pb), cadmium (Cd), chromium (Cr), nickel (Ni) and arsenic (As) [12]. The International Agency for 

Research on Cancer (IARC) reported that As, Ni, Cr(VI) and Cd compounds are human carcinogens while Pb is 

a Class 2B carcinogen that is additionally toxic to humans [13]. Further, trace metals such as cadmium and 

arsenic are also known to possess non-carcinogenic human health effects [14].  
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Against this background, there is a continuous need to conduct studies on the trace metal content of 

cigarettes and other tobacco-based products [12]. Only one study [15] previously reported on the Cd, copper, 

Zn, Cr and Pb content of two commercial cigarette brands (SM1, ES1) and one traditional cigarette (Trd) 
commercialized in Kenya. In the current study, we determined the levels of Cd, Cr, Zn and Pb in five 

commercialized cigarette brands (C1-C5) and a traditional cigarette (TDC) commonly smoked in Kenya.  

 

II. Material And Methods  
Sample collection  

Unopened cigarette packs of five commercially available brands of imported and locally manufactured 

cigarettes (for confidential purposes were coded C1-C5) and a traditional cigarette (TDC) in Kenya were 

selected for this study. The samples were purchased in triplicate at various retail outlets in Moi University 

propinquity (Eldoret) and Mombasa, respectively on different dates and locations to account for potential 
variation in manufacturing dates and batches [16].  

The components of cigarette, tobacco, filter and wrapping were separated. The mean weight of each 

cigarette was determined by weighing 5 sticks of each brand thrice using a precalibrated Mettler PM200 digital 

analytical balance (Marshall Scientific, Hampton, NH, USA) and averaging the results in each case [16, 17]. 

Further, the cigarettes were categorized according to their nicotine levels as light or normal according to the 

manufacturers’ information [16].  

 

Sample preparation 

Composites of each brand were then prepared by removing the papers and filters from 60 cigarettes of 

3 packs. The samples were subsequently dried in an oven at 80 °C for 6 hours and allowed to cool in a 

desiccator. The dried samples were separately ground in a mortar with a pestle until powdered finely as much as 
possible to pass through a 20-mesh sieve and to facilitate digestion. 

The nitric acid wet-digestion method for plant tissues proposed by Campbell and Plank [18] was used 

in the current study due to its simplicity and speed. It is analogous to most plant tissue digestion methods, 

though it does not require the digest to reach a clear colourless endpoint prior to spectrometric quantification. 

Briefly, weighed aliquots (0.50 ± 0.10 g) of dry cigarette tobacco powders were transferred into 100 mL flat-

bottomed flasks followed by addition of 5.0 mL of concentrated nitric acid. The flasks were covered with a 

watch glass and allowed to stand overnight. Thereafter, the flasks were heated at 180 ℃ for 30 minutes. 

After, the digests were removed and allowed to cool and 2 mL of 30% hydrogen peroxide was added 

and digested at the same temperature and time in the same way to ensure complete digestion of the samples. The 

digested samples were then allowed to dry to 1 to 2 mL at 150 ℃. After, 5 mL of 1% nitric acid was added to 

digest the residue which were then filtered through Whatman No. 1 filter paper into a 25 mL volumetric flask. 

This was topped up to the mark with deionized water. The filtrates were used for heavy metal analysis.  
 

Trace metal quantification  

All the samples were analyzed for Cd, Cr, Zn and Pb using AA 6300 Shimadzu double beam atomic 

absorption spectrophotometer (Shimadzu Corporation, Japan). Analyses, including quintuplicate sets of 

standards for each metal were run and the absorbances were used to compute the concentrations of the metals 

from the standard curves [19]. The results from the instrument were converted to the standard unit (μg/g dry 

weight) to ease comparison with set compliance guidelines [20, 21]. 

 

Analytical quality control and quality assurance 

All the analytical reagents employed in this investigation were of high analytical purity. Concentrated 

nitric and hydrochloric acids, hydrogen peroxide and standard salts of the trace metals were sourced from Merck 
(Darmstadt, Germany). The volumetric glassware used were pre-soaked in 5% nitric acid overnight, rinsed 

thrice with deionized water and then dried in an oven prior to the analyses. Standard solutions of Cd, Cr, Zn and 

Pb were prepared by dilution of the stock solutions (1000 μg/mL). The standard solutions were used for 

calibration and quality assurance for each of the analytical batches. Quality control was done with spiked 

samples analyzed once for every 1 in 10 samples. Recovery percentages from the spiked samples were from 

96.7% to 101.5%. Method detection limits with reagent blanks were calculated and found to be 0.001 μg/g for 

all the metals. Analytical blanks were ran and subtractions were employed to correct the trace metal 

concentrations obtained. All samples were analyzed at least in triplicate.   

 

Statistical analysis of data 

All quantitative analytical data were captured in Microsoft Excel 365 (Microsoft Corporation, USA) for 

preliminary analysis and later exported into Minitab statistical software (Release 20, Minitab Inc., USA). Data 
were checked for normality prior to further statistical evaluation using the Kolmogorov-Smirnov test and 
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subsequently presented as means of triplicates with errors represented by standard deviations attached. 

Significant differences between mean concentrations of the investigated heavy metals were established using 

one-way ANOVA and separated using Turkey pairwise test. Bivariate Pearson correlation analysis was 
performed to establish if there existed any associations between the concentrations of each pair of the trace 

metals studied, irrespective of the source (manufacturer) [22]. Statistical analyses were performed at p < 0.05. 

 

III. Result  
Manufacturers’ information and classification of the cigarettes  

Preliminary assessments of weighed cigarette brands and their classification based on manufacturer information 

are shown in Table 1. According to conventional guidelines, cigarettes with nicotine levels ≤ 0.6 mg are 

considered light. Otherwise, the cigarettes are classified as normal. The cigarette brands used in this study were 

therefore classified as light or normal. 
 

Table 1. Weights and classification of cigarette brands consumed in Kenya used in the study 
Cigarette brand Mean weight (mg) Classification 

C1 32.20 ± 0.10 Light 

C2 40.60 ± 0.20 Light 

C3 44.50 ± 0.20 Light 

C4 28.50 ± 0.10 Normal 

C5 24.90 ± 0.20 Normal 

TDC Not applicable Normal 

 
The trace metal content of the cigarette brands sampled in this study are given in Table 2. Except for chromium, 

all the samples had detectable levels of the trace metals with zinc recording the highest concentration of 11.873 

± 0.011 μg/g in the normal brand (C4).  

 

Table 2. Heavy metal content (μg/g dry weight) of cigarette brands commercialized in Kenya 

 
Brand Cd Cr Pb Zn 

C1 0.091 ± 0.003 BDL 0.310 ± 0.010 8.581 ± 0.001 

C2 0.108 ± 0.014 BDL 0.245 ± 0.022 10.652 ± 0.014 

C3 0.114 ± 0.011 BDL 0.237 ± 0.110 7.145 ± 0.003 

C4 0.110 ± 0.002 BDL 0.157 ± 0.007 11.873 ± 0.011 

C5 0.090 ± 0.017 BDL 0.220 ± 0.016 10.402 ± 0.009 

TDC 0.150 ± 0.001 BDL 0.265 ± 0.005 5.717 ± 0.016 

 

BDL: Below method detection limit of 0.001 μg/g dry weight 

 

There were some differences in metal concentrations of cigarette brands produced by different 

manufacturers, suggesting differences in the source of tobaccos used by different companies. Investigation of 

potentially toxic trace metals in cigarette tobacco is important both from  perspective of health studies connected 

with smoking and aspects of the uptake of trace elements by plants. We also compared the results of the trace 

metal contents obtained in our study with those reported by preceding studies in other parts of the world (Table 

3). 
 

Table 3. Heavy metal concentrations (μg/g) in various cigarette brands consumed in Kenya as compared to 

previous reports by preceding authors. 
Country Cd Cr Pb Zn Year Author(s) 

Finland 1.700 NR 2.400 50.000 1986 [23] 

Canada 2.010 NR NR NR 1987 [24] 

Austria 2.320 NR NR NR 1988 [25] 

Italy 0.580 NR 7.390 NR 1989 [26] 

Germany 1.950 1.110 1.200 49.800 1993 [27] 

Hungary 1.890 NR 1.170 57.600 1995 [28] 

Mexico BDL 1.37 NR 24.000 – 65.000 1995 [29] 

USA 0.905 NR NR 35.100 1997 [30] 
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Country Cd Cr Pb Zn Year Author(s) 

Egypt NR 0.080 – 6.290 NR 76.800 – 190.000 1999 [31] 

Turkey 1.700 1.630 1.020 NR 2001 [32] 

India 0.900 5.000 4.300 39.500 2002 [33] 

Jamaica 1.30 0.70 – 1.85 NR 33.000 – 84.000 2004 [34] 

Nigeria 0.680 – 1.170 NR NR NR 2004 [35] 

China 0.180 NR 0.64 NR 2005 [36] 

Nigeria 0.700 – 2.300 NR NR NR 2005 [37] 

Jordan 2.640 NR 2.670 55.620 2005 [11] 

Pakistan 1.000 – 3.200 1.100 – 16.400 1.100 – 28.300 1.100 – 41.400 2006 [38] 

Poland 0.610 NR 0.56 NR 2008 [39] 

Pakistan 0.243  – 0.795 NR 2.266 –24.080 2.500 – 27.330 2008 [40] 

Mexico 0.180 – 3.070 0.150 – 0.490 NR 32.300 – 72.000 2008 [41] 

Pakistan 1.660 – 2.960 NR 0.399 – 1.390 NR 2009 [42] 

India 0.450 4.070 1.940 27.000 2010 [43] 

Brazil 0.510 – 0.850 0.450 – 3.130 0.190 – 0.390 NR 2011  [22] 

Spain NR NR NR 385.000 – 947.000 2011 [44] 

Iran  1.760 – 3.200 NR 1.050 – 3.100 18.100 – 42.200 2012 [17] 

Ireland 1.730 – 2.020 NR 0.380 –1.160 NR 2013 [45] 

Singapore 0.019 – 0.034 0.042 – 0.066 0.125 – 0.164 1.700 – 5.453 2014 [46] 

Spain 0.180 1.442 0.602 NR 2015 [47] 

Kenya 0.063 – 0.093 1.590 – 3.605 6.637 – 7.066 0.219 – 1.143 2015 [15] 

Egypt 1.600 – 5.900 NR NR NR 2017 [5] 

Nigeria 5.900 – 7.940 18.260 – 34.940 17.210 – 

74.780 

47.020 – 167.310 2017 [16] 

Iraq BDL – 6.780 BDL – 6.730 1.240 – 9.260 0.170 – 3.110 2020 [10] 

Kenya 0.091 – 0.114 BDL 0.157 – 0.310 7.145 – 1.873 2020 This study 

 

NR: Not reported, BDL: Below method detection limit 
 

Further, Pearson bivariate correlation analysis indicated that there was a positive correlation between Cd and Pb 

levels in the cigarettes whereas Cd and Zn, and Pb and Zn exhibited negative correlation with each other. 

However, these correlations were statistically insignificant at p < 0.05 (Table 4).  

         

Table 4. Correlation among the heavy metals in cigarettes commercialized in Kenya. 
Metal  Cd Cr Pb Zn 

Cd - - 
0.009 

(0.986) 

- 0.637 

(0.174) 

Cr  - - - 

Pb 
  

- 
- 0.614 

(0.195) 

Zn 
    

- 

 

Data are Pearson’s correlation coefficients and statistical significance (in parentheses). 

 

Discussion of results 

The concentration of trace metals in the cigarettes ranged from 0.091 to 0.15 µg/g for Cd, 0.16 to 0.31 

µg/g for Pb, 5.72-11.87 µg/g for Zn while Cr was below the detection limit of  0.001 μg/g  in all the samples 

(Table 2). Thus, the trace metal content of the cigarettes followed the chemical sequence: Zn > Pb > Cd > Cr.  

The concentrations of Cd obtained were comparable to those reported previously for commercial 
cigarettes in Mexico [41], Kenya [15], China [36], Spain [47] and Iraq [10] (Table 3). Traditional non-smoked 

tobacco (TDC) showed higher levels of Cd than all the commercial cigarettes, corroborating a previous 

observation in our laboratory [15]. Cadmium is typically found at low concentrations in the environment and 

therefore less accumulated in plant tissues [48]. However, indiscriminate use of phosphate-based agrochemicals, 

thoughtless disposal of nickel-cadmium batteries into the environment, Cd metal incineration and production 

might accrue its environmental concentrations [49-51]. Ingestion of significant amounts of Cd causes renal and 
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hepatic dysregulations, hypertension, lung cancer and diminished reproductive potential in humans [52-55]. 

Further, Cd may get absorbed in the human digestive system and is capable of penetrating through the placenta 

during pregnancy, inducing DNA and membrane damages. Cadmium is also implicated in the etiology of 
calcium uptake inhibition and impairment of its subsequent retention in bones [56-58]. 

No chromium was detected in all the cigarette samples in the current study. This is in congruence with 

a 2020 report in Iraq by Haleem et al. [10] in which Cr was not detected in three commercial cigarette brands.  

Lead on the other hand occurred in lower levels in comparison to most previous studies in other 

countries except for a Brazilian report [22] where the mean level of Pb obtained (0.27 µg/g) was comparable to 

those obtained in this study. The occurrence of Pb in environmental matrices have been grossly ascribed to the 

use of leaded petrol and inadvertent disposal of old lead batteries used in cars [57]. Lead is a toxin, a non-

essential trace metal and the levels encountered in this study is deleterious to human health if inhaled in smoke 

over a long period of time [59]. Moreover, it is a rival that outcompetes essential metals of analogous 

characteristics such as Zn and calcium. Besides, it has been criminated for renal failure and liver degradation in 

humans [60]. Lead also retards interactive, survival, growth, developmental and metabolic processes in addition 
to upregulating mucus synthesis, as well as inducing neurodevelopmental damage that causes decreased 

intelligence quotient and behavioural problems [61, 62]. It may also induce reproductive problems, premature 

birth or reduce foetal growth in expectant women [62]. 

In contrast, the commercial cigarette brands in this investigation recorded higher Zn concentrations 

than the traditional cigarette brand (TDC), which is in complete agreement with a previous report in Kenya [15]. 

Only some previous studies in Pakistan [38, 40] recorded Zn concentrations that were lower or comparable to 

the ones obtained in this study. The occurrence of Zn in environmental matrices is usually from Zn used in old 

galvanized plumbing materials, Zn compounds in form of zinc-based paints, zinc alloys, dry cells, old and rusty 

galvanized roofing iron sheets and varnishes that may end up in the environment [57, 63]. Zinc is an essential 

trace metal [64] required for normal functioning of the immune system, normal brain activity, foetal growth and 

development. However, immoderate intake may impair immune function and lower the levels of high-density 

lipoproteins [65, 66]. 
The results of the current study confirmed previous reports that tobacco plants may phytoaccumulate 

trace metals preferentially in the leaves  [11, 24, 39, 67]. Taken together, the disparity in the concentrations of 

trace metals in the cigarettes and those reported previously in other countries could be attributed to the 

differences in tobacco cultivation procedures, types, bioavailable trace metals in soils where the plants were 

cultivated as well as other soil characteristics [68, 69]. It is known that tobacco is a nutrient demanding but 

disease-prone plant which usually require agricultural inputs such as phosphorous-based fertilizers and 

pesticides to boost yield and protect its leaves from being destroyed by insect pests. Fertilizers and pesticides are 

known to contain trace metals which can easily be phytoaccumulated in herbaceous plants such as tobacco [48].  

Further, we noted that there were non-significant correlations between Cd, Pb and Zn in the cigarette 

brands. In a similar correlative study, Viana et al. [22] reported the existence of excellent correlations between  

the concentrations of Ni and Pb, Cr and As, Ni and As, as well as Ni and Cr in some commercial cigarettes 
traded in Brazil. 

 

IV. Conclusion 

The current study has confirmed the occurrence of priority trace metals (Cd, Pb and Zn) in some 

cigarettes commercialized in Kenya. These may pose deleterious health effects to both direct and indirect 

smokers. More and continuous monitoring and regulation of the ingredients of imported and locally produced 

tobacco products is recommended. A further study should assess the human health effects that may arise from 

smoking the cigarette brands.  

 

Acknowledgments 

The authors are grateful to the World Bank and the Inter-University Council of East Africa for the 

fellowship awarded to them through ACE II PTRE at Moi University, Kenya which made this concerted 

communication possible. The following are also acknowledged for their technical assistance Carlos Ndungu, 

Denis Obuong’, Lumadede Mwisani, Paul Mirikwa and Victorine Juma.  

 

References  
[1] Archanjo AB, Assis ALEMd, Oliveira MMd et al. Elemental characterization of oral cavity squamous cell carcinoma and its 

relationship with smoking, prognosis and survival. Sci Rep. 2020; 10(1):10382. 

[2] Jorde R, Stunes AK, Kubiak J, Grimnes G, Thorsby PM, Syversen U. Smoking and other determinants of bone turnover. PLoS One. 

2019;14(11):e0225539. 

[3] World Health Organization. WHO Report on the Global Tobacco Epidemic, 2011: Warning about the dangers of tobacco Geneva: 

World Health Organization. [cited 2020 July 24]. Available from: 

http://apps.who.int/iris/bitstream/10665/44616/1/9789240687813_eng.pdf. 



Evaluation of Heavy Metal Content in Main Stream Smoked Cigarettes and Non-smoked .. 

DOI: 10.9790/5736-1312023945                           www.iosrjournals.org                                                    44 |Page 

[4] WHO. Report on the Global Tobacco Epidemic, 2008: The MPOWER Package Geneva: World Health Organization. [cited 2020 

July 30]. Available from: http://apps.who.int/iris/bitstream/10665/43818/1/9789241596282_eng.pdf. 

[5] Abd El-Samad M, Hanafi HA. Analysis of toxic heavy metals in cigarettes by Instrumental Neutron Activation Analysis. J Taibah 

Univ Sci. 2017; 11:822-829. 

[6] Omara T, Musau B, Kagoya S. Frugal Utilization of Flue-Cured Virginia Nicotiana tabacum Leaf Wastes as a Vicissitudinous 

Substrate for Optimized Synthesis of Pyridine-3-Carboxylic Acid. Amer J Heterocycl Chem. 2018; 4(4): 49-54. 

[7] WHO. WHO report on the global tobacco epidemic 2019: offer help to quit tobacco use. [cited 2020 July 30]. Available from: 

https://apps.who.int/iris/rest/bitstreams/1239531/retrieve 

[8] Encyclopedia of Life. Nicotiana tabacum (tobacco). 2016. [cited 2020 July 30]. Available from: 

http://eol.org/pages/581050/overview. 

[9] Talhout R, Schulz T, Florek E, van Benthem J, Wester P, Opperhuizen A. Hazardous compounds in tobacco smoke. Int J Environ 

Res Public Health. 2011;8(2):613-628. 

[10] Haleem AM, Amin S, Mahmood UH. Heavy metal and polycyclic aromatic hydrocarbons in cigarettes: An analytical assessment. 

Popul Med. 2020;2(19):1-4. 

[11] Massadeh AM, Alali FQ, Jaradat QM. Determination of cadmium and lead in different cigarette brands in Jordan. Environ Monit 

Assess. 2005;104(1-3):163-170. 

[12] Caruso RV, Fix BV, Thrasher JF, et al. Differences in cigarette design and metal content across five countries: results from the 

International Tobacco Control (ITC) Project. Tob Regul Sci. 2016;2(2):166-175. 

[13] IARC Working Group on the Evaluation of Carcinogenic Risks to Humans, Tobacco smoke and involuntary smoking. IARC 

monographs on the evaluation of carcinogenic risks to humans. 2004; 83:1-1438 

[14] Dorne JL, Kass GE, Bordajandi LR, et al. Human risk assessment of heavy metals: principles and applications. Met Ions Life Sci. 

2011;8:27-60. 

[15] Omari MO, Kibet JK, Cherutoi JK, Bosire JO, Rono NK. Heavy Metal Content in Mainstream Cigarette Smoke of Common 

Cigarettes Sold in Kenya, and their Toxicological Consequences. Int Res J Environ Sci. 2015;4(6):75-79. 

[16] Benson NU, Anake WU, Adedapo AE, Fred-Ahmadu OH, Ayejuyo OO. Toxic metals in cigarettes and human health risk 

assessment associated with inhalation exposure. Environ Monit Assess. 2017;189(12):619. 

[17] Pourkhabbaz A, Pourkhabbaz H. Investigation of Toxic Metals in the Tobacco of Different Iranian Cigarette Brands and Related 

Health Issues. Iran J Basic Med Sci. 2012; 15(1): 636-644. 

[18] Campbell CR, Planc CO. Preparation of plant tissue for laboratory analysis. In Handbook of reference methods for plant analysis. 

Kalra YP Eds. Boca Raton, Fl. CRC Press. 1998. p37-49. 

[19] Omara T, Nteziyaremye P, Akaganyira S, et al. Physicochemical quality of water and health risks associated with consumption of 

African lung fish (Protopterus annectens) from Nyabarongo and Nyabugogo rivers, Rwanda. BMC Res Notes. 2020;13(1):66. 

[20] Nteziyaremye P, Omara T. Bioaccumulation of Priority Trace Metals in Edible Muscles of West African Lung Fish (Protopterus 

annectens Owen, 1839) from Nyabarongo River, Rwanda. Cogent Environ Sci. 2020; 6(1):1779557. 

[21] Omara T, Karungi S, Kalukusu R, Nakabuye B, Kagoya S, Musau B. Mercuric pollution of surface water, superficial sediments, 

Nile tilapia (Oreochromis nilotica Linnaeus 1758 [Cichlidae]) and yams (Dioscorea alata) in auriferous areas of Namukombe 

stream, Syanyonja, Busia, Uganda. PeerJ. 2019;7(10):e7919. 

[22] Viana GFS, Garcia KS, Menezes-Filho JA. Assessment of carcinogenic heavy metal levels in Brazilian cigarettes. Environ Monit 

Assess. 2010; 181(1-4): 255-265. 

[23] Mussalo-Rauhamaa H, Leppänen A, Salmela SS, Pyysalo H. Cigarettes as a source of some trace and heavy metals and pesticides in 

man. Arch Environ Health. 1986;41(1):49-55. 

[24] Watanabe T,  Kasahara M, Nakatsuka H, Ikeda M.Cadmium and lead contents of cigarettes produced in various areas of the world.  

Sci Total Environ. 1987; 66:29-37. 

[25] Kalcher K, Nitsch A, Pietsch R, Jorde C. Heavy metals in tobacco and tobacco smoke. Fres J Anal Chem. 1988; 332:17-21. 

[26] Venditti M. Levels of trace elements (nickel, zinc, cadmium, lead, and mercury) in cigarette smoke. Rev Merceol. 1989; 28: 41-60. 

[27] Schneider G, Krivan V. Multi-elemental analysis of tobacco and smoke condensate by instrumental neutron activation analysis and 

atomic absorption spectrometry. Int J Environ Anal Chem. 1993; 53:87-100. 

[28] Gondola I, Kadar I. Heavy metal content of flue-cured tobacco leaf in different growing regions of Hungary. Acta Agronomica 

Hungarica. 1995; 43:243-251. 

[29] Vega-Carrillo HR, Iskander FY, Manzanres-acuńa E. Multielement measurements in Mexican cigarette tobacco. J Radioanal 

Nuclear Chem Letts. 1995; 200(2):137-145. 

[30] Wu D, Laudsberger S, Larson SM. Determination of the elemental distribution in cigarette components and smoke by instrumental  

neutron activation analysis. J Radioanal Nucl Chem. 1997; 217(1):77-82. 

[31] Nada A, Abdel-Wahab M, Sroor A, Abdel-Haleem AS, Abdel-Sabour MF. Heavy metals and rare earth elements source-sink in 

some Egyptian cigarettes as determined by neutron activation analysis. Appl Radiat Isot. 1999;51(1):131-136. 

[32] Barlas H, Ubay G, Soyhan B, Bayat C. Heavy metal concentrations of cigarettes in Turkey. Fres Environ Bull. 2001; 10:80-83. 

[33] Shaikh AN, Negi BS, Sadasivan S. Characterization of Indian cigarette tobacco and its smoke aerosol by nuclear and allied 

techniques. J Radioanal Nuclear Chem. 2002; 253: 231-234. 

[34] Grant CN, Lalor GC, Vutchkov MK. Trace elements in Jamaican tobacco. West Indian Med J. 2004; 53(2): 66-70. 

[35] Ebisike K, Ayejuyo OO, Sonibare JA, Ojumu TV. Pollution impacts of cigarette consumption on indoor air quality in Nigeria. J 

Appl Sci. 2004; 4(4): 623-629. 

[36] Yang G, Li Z, Shi H, Wang J. Study on the determination of heavy-metal ions in tobacco and tobacco additives by microwave 

digestion and HPLC with PAD detection. J Anal Chem. 2005; 60: 480–485. 

[37] Nnorom IC, Osibanjo O, Oji-Nnorom CG. Cadmium determination in cigarettes available in Nigeria. Afr J Biotechnol. 2005; 4(10): 

1128-1132. 

[38] Zulfiqar, S., et al., Metal distribution in Pakistani and foreign brands of cigarette ash. Bull Environ Contam Toxicol. 2006; 77:679-

686. 

[39] Galázyn-Sidorczuk M, Brzóska MM, Moniuszko-Jakoniuk J. Estimation of polish cigarettes contamination with cadmiumand lead, 

and exposure to these metals via smoking. Environ Monit Assess. 2008; 137: 481-493. 

[40] Ajab H, Yasmeen S, Yaqub A, et al. Evaluation of trace metals in tobacco of local and imported cigarette brands used in Pakistan 

by spectrophotometer through microwave digestion. J Toxicol Sci. 2008;33(4):415-420. 

[41] Martínez T, Aguilar F, Lartigue J, Navarrete M, Cuapio LA, López C, Morales OY. Analysis of Mexican cigarettes by INAA. J 

Radioanal Nucl Chem. 2008; 278:365-370. 



Evaluation of Heavy Metal Content in Main Stream Smoked Cigarettes and Non-smoked .. 

DOI: 10.9790/5736-1312023945                           www.iosrjournals.org                                                    45 |Page 

[42] Kazi TG, Jalbani N, Arain MB, Jamali MK, Afridi HI, Sarfraz RA, Shah AQ. Toxic metals distribution in different components of 

Pakistani and imported cigarettes by electrothermal atomic absorption spectrometer. J Hazard Mater. 2009;163(1):302-7. 

[43] Verma S, Yadav S, Singh I. Trace metal concentration in different Indian tobacco products and related health implications. Food 

Chem Toxicol. 2010; 48 (8-9): 2291-2297. 

[44] Pérez-Bernal JL, Amigo JM, Fernández-Torres R, Bello MA, Callejón-Mochón M. Trace-metal distribution of cigarette ashes as 

marker of tobacco brands. Forensic Sci Int. 2011;204(1-3):119-125. 

[45] Afridi HI, Kazi TG, Talpur FN, Brabazon D, Naher S. Estimation of toxic elements in the samples of different cigarettes and their 

impact on human health of Irish hypertensive consumers. Clinica chimica acta. 2013; 426:51-57. 

[46] Behera SN, Xian H, Balasubramanian R. Human health risk associated with exposure to toxic elements in mainstream and 

sidestream cigarette smoke. Sci Total Environ. 2014; 472:947-956. 

[47] Armendáriz CR, Garcia T, Soler A, Fernández ÁJG, Glez-Weller D, González GL, Gironés CR. Heavy metals in cigarettes for sale 

in Spain. Environ Res. 2015; 143:162-169. 

[48] Nyangena DM, Arasa JO, Omara T. Occurrence of priority trace metals in tomatoes (Solanum lycopersicum L.) from some areas of 

Uasin Gishu County, Kenya. French-Uk J Chem. 2020; 08(02):1-14 (in press). 

[49] Ahmed ASS, Sultana S, Habib A, Ullah H, Musa N, Hossain MB, Rahman MM, Sarker MSI. Bioaccumulation of heavy metals in 

some commercially important fishes from a tropical river estuary suggests higher potential health risk in children than adults. PLoS 

One. 2019;14(10):e0219336. 

[50] Bustueva KA, Revich BA, Bezpalko LE. Cadmium in the environment of three Russian cities and in human hair and urine. Arch 

Environ Health. 1994;49(4):284-288. 

[51] Bennet-Chambers M, Davies P, Knott B. Cadmium in aquatic ecosystems in Western Australia: A legacy of nutrient-deficient soils. 

J Environ Manage. 1999; 57 : 283-295. 

[52] Suruchi, Pankaj K. Assessment of heavy metal contamination in different vegetables grown in and around urban areas. Res J 

Environ Toxicol. 2011; 5 : 162-79. 

[53] Guerra F, Trevizam AR, Muraoka T, Marcante NC, Canniatti-Brazaca SC. Heavy metals in vegetables and potential risk for human 

health. Sci Agric. 2012; 69 : 54-60. 

[54] Agency for Toxic Substances and Disease Registry (ATSDR). Toxicological profile for cadmium. Atlanta: US Department of 

Health and Human Services. 2012. 

[55] Waalkes MP. Cadmium carcinogenesis. Mutat Res. 2003; 533 : 107-120. 

[56] El-Moselhy KM, Othman AI, Abd El-Azem H, El-Metwally MEA. Bioaccumulation of heavy metals in some tissues of fish in the 

Red Sea, Egypt. Egypt J Basic Appl Sci. 2014; 1: 97-105. 

[57] Omara T, Ogwang R, Ndyamuhaki S, Kagoya S, Kigenyi E, Musau B, Adupa E. Spectroscopic analysis of selected priority trace 

metals in the extant East African gilled lungfish (Protopterus amphibius) in Lira municipal lagoon and its edibility health risk. Sci J 

Anal Chem. 2018; 6(5): 38-45. 

[58] WHO. Evaluation of certain food additives and contaminants. In: Sixty-First Report of the Joint FAO/WHO Expert Committee on 

Food Additives. Geneva: WHO (WHO Technical Series, 922). 2004. 

[59] Badr AM, Mahana NA, Eissa A. Assessment of heavy metal levels in water and their toxicity in some tissues of Nile Tilapia 

(Oreochromis niloticus) in River Nile basin at Greater Cairo, Egypt. Glob Vet. 2014; 13: 432-43. 

[60] Salem HM, Eweida EA, Farag A. Heavy metals in drinking water and their environmental impact on human health. In: The 

International Conference for Environmental Hazard Mitigation ICEHM 2000. 9–12
th
 September 2000, Cairo University, Cairo, 

Egypt, 2000. 

[61] Eisler R. Lead hazards to fish, wildlife and invertebrates: A synoptic review. In; Contaminant Hazard Reviews, Report 14; 

Biological Report 85(1.14). U.S. Department of the Interior, Fish and Wildlife Service, Laurel, MD,  pp. 1 -14, 1988. 

[62] EPA. Basic Information about Lead in Drinking Water. [cited 2020 May 10]. Available from: https://www.epa.gov/ground-water-

and-drinking-water/basic-information-about-lead-drinking-water. 

[63] WHO. Guidelines for drinking-water quality, 4th edition, incorporating the 1st addendum. Geneva, Switzerland. 2017. 631p. 

[64] Hambidge KM, Krebs NF. Zinc deficiency: a special challenge. J Nutr. 2007; 137: 1101-5. 

[65] Harmanescu M, Alda LM, Bordean DM, Gogoasa L, Gergen L. Heavy metals health risk assessment for population via 

consumption of vegetables grown in old mining area, a case study: Banat County, Romania. Chem Cent J. 2011; 5: 64-73. 

[66] Johnson AR, Munoz A, Gottlieb JL, Jarrard DF. High dose zinc increases hospital admissions due to genitourinary complications. J 

Urol. 2007; 177: 639-643. 

[67] Elinder CG, Friberg L, Lind B, Jaeaid M. Lead and cadmium levels in blood samples from the general population of Sweden. 

Environ Res. 1983; 30:233-253. 

[68] Lugon-Moulin N, Martin F, Krauss MR, Ramey PB, Rossi L.  Cadmium concentration in tobacco (Nicotiana tabacum L.) from 

different countries and its relationship with other elements. Chemosphere. 2006; 63(7):1074-1086. 

[69] Stephens WE, Calder A, Newton J. Source and health implications of high toxic metal concentrations in illicit tobacco products. 

Environ Sci Tecchnol. 2005; 39(2):479-488. 

 

Odero Mark Peter, et. al. "Evaluation of Heavy Metal Content in Main Stream Smoked Cigarettes and Non-

smoked Tobacco in Kenya." IOSR Journal of Applied Chemistry (IOSR-JAC), 13(12), (2020): pp 39-45. 


